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The cauliflower head and unifoliate leaf mutation (uni) is a unique developmental mutation of alfalfa that may shed some light on the relationship between leaves and fbral organs. RFLP loci linked to uni were identified using bulk segregant analysis of an F 2 diploid alfalfa population segregating for this trait. Two bulks, one unifoliate leaf and one trifoliate leaf, were formed with each composed of 20 F 2 plants and screened using 110 RFLP clones. Seven clones detected polymorphisms between the bulks. Linkage analysis confirmed that three of the clones were tightly linked to uni and located on linkage group 4 of a previously published linkage map. The clones provide useful tools for future genetic and molecular studies.
A mutant phenotype of alfalfa (Medicago satiua L.) was previously described as having unifoliate leaves, caused by the suppression of lateral leaflets throughout plant development (Bayly and Craig 1962; Bingham 1966) , and cauliflower heads consisting of dense racemes of flowers with multiple erect, slender bracts replacing the calyx, corolla, and anthers (Bayly and Craig 1962). The flowers of this mutant develop a rudimentary pistil with less than seven ovules as compared to 10-12 in a normal flower; however, no stigmatic surfaces develop on the pistil, and thus this mutant is sterile (Bayly and Craig 1962) . Inheritance of the unifoliate leaf and cauliflower head mutation in alfalfa was reported to be under the control of a single recessive gene (Murray and Craig 1962), but no gene symbol was reported for this mutation. Mutants with a unifoliate leaf phenotype and altered reproductive development have also been reported in pea (Pisum sativum L.) and common bean (Phaseolus vulgaris L.) (Marx 1983; Myers and Basset 1993) . The coincidence of cauliflower head and unifoliate leaf in natural and X-ray-induced mutants of alfalfa and common bean (Bayly and Craig 1962; Myers and Basset 1993) support genetic studies suggesting the pleiotropic action of a single gene.
A unifoliate leal, cauliflower head mutant that behaved as a recessive allele at a single locus was uncovered in a segre-gating diploid F 2 population of alfalfa. In this article, the map position of the mutation is reported, based on tight linkage to previously mapped RFLP loci.
Materials and Methods
The unifoliate leaf and cauliflower head mutation was uncovered in a cross between CADL (cultivated alfalfa at the diploid level) IVR plant 17 (C17) and W1SFAL D88 plant 20 (W20). CADL IVR contains 100% cultivated alfalfa germplasm derived from the cultivars Iroquols, Saranac, and Vernal and other unidentified sources (Bingham and McCoy 1979; Holland 1991) . W1SFAL D88 was selected from a natural diploid synthetic population derived from selected plants of 17 Medicago sativa spp. falcata L (Bingham ET, personal communication). A single F, plant from the W20 X C17 cross was self-pollinated to produce an F 2 population that segregated for the unifoliate leaf and cauliflower head mutation.
Two DNA bulks, one unifoliate and the other trifoliate, were formed, each comprised of 20 individuals selected from the segregating F 2 population. Equal amounts of DNA were mixed to create each bulk and digested with £coRI or //indlll. The procedures for DNA isolation, restriction enzyme digestion, gel electrophoresis, Southern transfer, probe labeling, hybridization, and autoradiography were described previously (Kldwell et al. 1994 ). The two parents, F,, and bulked DNA pools were screened with 110 RFLP probes: 30 UWg and 16 Hg clones from a Sau3A genomic DNA library, 48 Vg clones from a Psft genomic DNA library, and 16 MTSc root cDNA clones. These clones were used previously for mapping RFLPs in two different crosses (Echt et al. 1993; Tavoletti et al. 1996) . A subset of the clones detecting polymorphism between the two bulks were probed onto Southern blots containing DNAs of the 40 F 2 individuals used to create the bulks. Segregation data from the individual plants for RFLP loci detected by these clones were analyzed for genetic linkage using the Kosambi function of MapMaker v. 2.0 (Lander et al. 1987) . The Compare command was used to determine the best order of linked loci.
Results and Discussion
Plants of the F 2 population were either wild type for leaf and flower morphology or had unifoliate leaves and cauliflower heads. The phenotypes of the mutant F 2 plants matched the description of natural and X-ray-induced mutants described previously in alfalfa (Bayly and Craig 1962; Bingham 1966) . The F 2 population segregated 112 normal to 25 unifoliate and cauliflower head, consistent with a 3:1 ratio (x 2 = 0.43, P > .05) expected for a pleiotropic, recessive mutation at a single locus. Two similar mutants in common bean and pea that produce unifoliate leaves and altered reproductive organs were given the designation uni (Marx 1983; Myers and Basset 1993). We suggest using the same symbol, uni, for the alfalfa mutant because of the similar phenotype and close evolutionary relationship to these other legume species.
Bulked segregant analysis revealed polymorphic restriction fragments between the bulked DNAs for 7 of the 110 RFLP clones tested. Three of the clones (UWg296, Hg2a7, and Vglgl) were missing a band in the unifoliate bulk, and four (Vgle9, Vglfl2, Vglh8, and Vg2c3) detected intensity differences between the bulked DNAs. For all probes, the unifoliate leaf bulk contained only the C17 allele or a more intense C17 allele indicating that the mutant allele came from C17. Since C17 had a normal phenotype, it must have been heterozygous for uni.
Six of the seven clones detected RFLPs that were previously mapped to three different linkage groups (Echt et al. 1993; Tavoletti et al. 1996) . Four of the six clones (Hg2a7, UWg296, Vgle9, Vglfl2) detected RFLP loci that were tightly clustered on linkage group (LG) 4 (within 9 cM), and the other two clones detected RFLP loci on LG 6 (Vglgl) and LG 9 (Vglh8). RFLPs detected by the seventh clone (Vg2c3) had not been mapped previously.
The 20 plants in each bulk were probed individually, with three of the seven clones detecting polymorphism between the bulks (Hg2a7 and Vgle9 from LG 4 and Vg2c3) and an additional clone (Hg2g3) that detected a locus loosely linked to the cluster on LG 4 in a previous mapping study (Tavoletti et al. 1996) . All four clones detected loci linked to uni, and two loci (Hg2a7 and Vg2c3) cosegregated completely with the mutation (Figure 1) . Therefore, the locus responsible for uni is believed to be on LG 4 and tightly linked to three RFLP loci (Figure 1) . The linkage relationships and map distances of these markers are consistent with results from previous alfalfa linkage analysis (Echt et al. 1993; Tavoletti et al. 1996) . Segregation data were not collected for the two clones that previously detected RFLP loci on LG 6 and LG 9. Although Vglgl detected an RFLP locus on LG 6, it also detected lighter bands which could not be mapped (Tavoletti S, personal communication). Thus the polymorphism detected between the bulks may represent a second locus that maps to LG 4. Vglh8 may also identify a second locus; however, it detected only a weak intensity polymorphism between the two DNA bulks that may have arisen by chance.
Mutants that effect both leaf and floral meristem development support the common belief that floral organs are modified leaves. Plant physiologists recognize three types of plant meristems: vegetative, inflorescence, and floral. Conversion from one meristem to another requires the action of specific genes (Meeks-Wagner 1993). The uni mutant may regulate one of these functions. The floricaula (flo) mutant of Antirrhinum affects the transition from vegetative to inflorescence meristem. The flo mutant develops numerous leaflike bracts rather than floral organs and also continues to produce inflorescence branches. Furthermore, rudimentary carpels are occasionally produced while petals and anthers are never present (Coen and Carpenter 1993) . This description closely matches the description of uni by Bayly and Craig (1962) , and thus uni may represent a homologue of the Antirrhinum gene. However, similar phenotypes in Arabidopsis can be caused by two different mutants (Coen and Carpenter 1993; Kempin et al. 1995) . The effect of uni on leaf development is unique among known floral mutants. Discovering the functions of uni will provide insight into the relationship between leaves and floral organs. The map position and linked clones should provide useful tools to aid future genetic and molecular studies of this interesting developmental mutation. The dehiscence of pods (shattering) prior to harvest is an undesirable trait of soybean, Glycine max (L) Merr. Pod dehiscence (PD) is relatively uncommon in modern North American soybean cultivars, but is often observed when unimproved germplasm or the wild species, G. soja Siebold & Zucc, are used as parents to introgress useful genes or to develop genetically diverse breeding populations. In light of the potential for efficient selection using DNA markers, the objective of this study was to identify quantitative trait loci (QTL) that condition resistance to PD. A map of 140 linked restriction fragment length polymorphism (RFLP) markers was constructed using 120 F 4 -denved lines from a soybean population (Young x PI 416937) that segregated for resistance to PD. These lines were scored for PD on a visual scale of 1 to 10 at both Athens, Georgia, and Windblow, North Carolina, in 1994 . Heritability of pod dehiscence was 92%. Associations of marker loci with QTL that condition resistance to PD were tested using homozygous RFLP class means in a single-factor ANOVA. A total of five putatively independent RFLP markers were associated with PD at both locations and in a combined analysis over locations. A single RFLP locus on linkage group J of the USDA/lowa State University map accounted for 44% of the variation in PD score. Epistasis was observed between one pair of significant marker loci. These results establish the genomic location of one major and a few minor QTL, identify an epistatic interaction, and indicate transgressive segregation which is plausibly the result of susceptibility alleles contributed by the resistant parent.
Pod Dehiscence of Soybean
Resistance to pod dehiscence (PD) prior to harvest is required to approach the yield potential of soybean cultivars. A level of PD that substantially reduces harvestable yield is rarely encountered in the elite germplasm currently used for soybean cultivar development in North America. However, the use of exotic germplasm as parents can result in a high degree of PD in progeny. The potential for exploitation of such germplasm for the purpose of introgressing desirable genes Into agronomically acceptable backgrounds and/or for developing genetically diverse breeding populations lends impetus to a molecular genetic examination of PD.
Little has been reported concerning the genetics of PD in soybean. No study has determined the specific genes that condition PD in any soybean population, although it is generally regarded as polygenic and highly dependent on environmental conditions (Caviness 1969; Helms 1994) . Caviness (1969) , reported broad-sense heritabillties for PD that ranged from 89-98% in diverse populations. While the genetic basis of PD in soybean is largely unknown, the experience of soybean breeders indicates that visual selection for resistance is possible when PD occurs in segregating populations. However, in some environments field conditions are unfavorable for expression of PD (Caviness 1969) , such that the selection is either impossible or scoring is delayed until conditions allow for expression of the trait.
Populations developed from exotic parents almost invariably have unfavorable alleles at many loci in addition to those that condition PD. Several backcrosses to elite parents are often necessary to recover desirable agronomic attributes (Carpenter and Fehr 1986) . Marker-assisted selection for resistance to PD and for other desirable traits of soybean has the potential to increase the efficiency of selecting superior progeny. Several agronomic and seed-related traits have been mapped in soybean (Keim et al. 1990; Lee et al. 1995; Mansur et al. 1993 ), but no similar efforts regarding PD have previously been reported for this crop. Recently common QTL for resistance to shattering have been identified from comparative maps of sorghum, maize, and rice (Paterson et al. 1995) . While anatomical differences between the fruiting structures of cereals and legumes almost certainly indicate fundamentally different shattering mechanisms, these results from cereal crops suggest that a similar identification of corresponding QTL among legumes will broaden the impact of soybean mapping studies. Information on marker association with PD will be useful for practical applications such as map-based cloning and marker-assisted selection. In view of the potential implications for soybean breeding, the objective of this study was to identify RFLP loci linked to QTL that condition resistance to PD in soybean.
Materials and Methods
Details of genetic mapping in this population of Young X PI 416937 have been described previously (Lee et al. 1996; Mian et al. 1996) . A total of 126 codominant and 29 dominant markers were used to construct a linkage map of 140 RFLP markers in a population of 120 F 4 -derived lines. Fifteen markers were unlinked. The linkage map was constructed using the Kosambi
